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£o TITLE OF THE INVENTION 

[0001] A SIMPLIFIED METHOD TO RETRIEVE CHITOSAN FROM 

ACIDIC SOLUTIONS THEREOF 



FIELD OF THE INVENTION 

■ 

[0002] The present invention relates 10 a simplified method for retneving 

chitosan from aqueous acidic solutions. More specifically, the present invention 
concerns a method for retrieving chitosan from aqueous acidic solutions by addition 
ofchaotropic salts. 

BACKGROUND OF THE INVENTION 

[0003] Chitosan is the deaceiyiated form of chitin, which is a linear 

polymer of acetylam.no-£>*glucose and contains high contents of amino and hydroxy) 
functional groups. This polycationic polymer is usually prepared commercially by 
limited hydrolysis of naturally occurring chitin from the exoskeleton of crustaceans 
and insects. Chitin is a polymer composed of /v^ceiyl-p./>glucosamine (2- 
acetamido-2-deoxy-p-/>glucopyranose) monomeric units whereas commercially 
available chitosan is a heterogenous mixture of molecular weight and sizes of chitin 
deacetylated to various extents. 



[Q004J Chitosan possesses a wide variety of commercial and biomedical 

applications that are related to the size of the molecule and its degree of acetyiaiion. 
With respect to biomedical applications, it has been reported that the 
hypocholesterolemic efficiency of chitosan increases in an inverse relationship to its 
size and percentage of acetylation (1,2). Other studies have reported that chitosan 
molecules of 25 to 50 KiloDaltons (KDa) are efficient in the treatment of stomach 
ulcers (3) whereas chitosan molecules of 28 KDa have been used as nanoparfides 
for the controlled release of drugs (medications) (4). Low molecular weight chrtosans 
(LMWC) (2 kDa) have been used in agriculture as anti-fungal agents to protect 
tubercules, salad and tobacco seeds (5). In contrast, chitosan of 400 KDa has been 
shown to be a suitable vehicle in a DNA vaccination approach of desensitization to 
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peanut allergens in mice 16). These few examples illustrate the remarkable array of 
applications of chitosan and the importance of the size of the chitosan molecule for 
specific applications. It follows that targeted applications of chitosan require a well- 
characterized product that must be prepared under rigorously r producible 
conditions. 

[0005] Tne molecular sizes of commercially available chitosans generally 

vary oetween 70 KDa and more than 1000 kDa, whereas the percentage of 
deacetylation is usually in the range of 50-100%. The percentage of deacetylation of 
chitin and its depolymerizatton to yield chitosan are a function of the conditions of the 
chemical treatment with aqueous base. Extended treatments lead to more 
fragmented molecules of chitosan, a property known as polydispersion. Polydisperse 
chitosan preparations are less desirable based on the observations of its size- and 
deacetylation-related properties, as discussed above. 

[0006] Controlled enzymatic hydrolysis of commercially available chitosan 

polymers is the only reproducible method that exists to generate a product 
possessing a low dispersity and defined molecular weight properties. The physical 
characteristics of the starting material (chitosan) are important (size, percentage of 
acetylation) because they will influence the conditions of enzymatic digestion. 
Commercial chitosans vary in size and this property influences the time required for 
the production of depolymerized chitosans of defined molecular sizes for commercial 
applications in the areas of biomedicine. agriculture, cosmetics and others. 

10007] Enzymatic digestion of chitosan with a chitosanase is the only 

method that can be used to reproducibly generate lMWC with a low degree of 
polydispersity. Chitosanase is an enzyme that possesses a high degree of specificity 
for chitosan (7). Chitosan digestion with chitosanase is performed in a weakly acidic 
solution. Several experimental conditions must be controlled, among which are: 

[0008] Tne enzymatic digestion must be rapidly stopped to prevent further 

depolymerization of chitosan and the generation of a polydispersed product. 
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[00091 An easy-to-use methodology must be employed to isolate the 

product of digestion rapidly and in a solid form that facilitates drying, ideally into a 
powder form. This consideration is highly desirable when large quantities {e.g. 
several hundred kilograms) of chitosan are to be processed for commercial 
purposes. 

1001 OJ The product of digestion mu st be free of the enzyme (chitosanase). 

[0011] The hydrolyzed product must be isolated under conditions that 

make it fit for human uses, especially when applications to the biomedical field are 
sought. 

[0012] in the case of the use of chitosan as a food supplement, the 

product of hydrolysis must easily dissolve in an aqueous acidic milieu such as the 
one of the stomach. This condition limits the number of methodologies that can be 
used to retrieve the product from the acidic solution used for its enzymatic digestion 
or from other processes. 

[0013] A nu 'h Der °f methodologies have been used to isolate chitosan 

from aqueous acidic solutions. The most commonly used technique is to decrease 
the solubility of chitosan by raising the pH through addition of an inorganic base (as 
an example, sodium or potassium hydroxide). This procedure is very efficient to 
precipitate chitosan from such solutions but it suffers from the fact that the resulting 
mixture is highly viscous, making the isolation of precipitated chitosan difficult by 
conventional techniques of separation. Furthermore, the desired product must be 
free of excess base. This can be accomplished only at the expense of extensive 
washings, an approach that is time-consuming and that results in an appreciable 
loss (mechanical or by dissolution) of chitosan. Another aspect that ought to be 
taken into account when chitosan is hydroiy2ed by treatment with a chitosanase is 
the possibility that chitosanase is concomitantly precipitated and may still remain 
active due to its robustness to pH treatment and/or remains as a contaminant in the 
processed product after the precipitate has been freed of excess base. One further 
point of paramount importance is that the final product must be free of contaminating 
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alkali, esp cially if it is to be used for biomedical purposes. 

[0014] An often eff,cient method 0f P rfiCi P' tat,on of ch ' tosan from a£ » ueous 

solutions consists in the addition of polyphosphoric acid (8) or polyphosphate salts 
(9). The phosphate salts of chitosan are insoluble in aqueous media. However, the 
major drawback of this method is that the phosphate salts of chitosan are poorly 
soluble in a physiological acidic environment such as the gasinc milieu of the 
stomach. 



[001 5] 11 is of interest to point out fufther ' that heat haS 06en US8d l ° St ° P 

the action of chitosanase when chitosan is prepared by treatment witn a 

chitosanase. In this instance, the inherent stability of chitosanase to heat 
denaturation requires raising the temperature of the reaction to 60°C or more. This 
temperature favors the well-described and Known Maillard reaction which leads to 
partial decomposition of chitosan and the generation of colored products resulting 
from the reaction of the primary amines of the chitosan molecules. This behavior is 
highly undesirable since these same amino groups are important for the biological 
properties of chitosan. Two additional points are of further interest. First, heat- 
denatured chitosanase may precipitate and be carried over in the subsequent steps 
of isolation of chitosan (e.g. by precipitation). Second, the partial resistance of 
chitosanase to heat denaturation may allow its renaturation and partial recovery of 
activity, adding to the possibility of further digestion of chitosan. 

[0016] 0veraI1 ' the currenl methods of P rec 'P itation and « solation of 

chitosan from chemical or enzymatic hydrolysates are therefore not adequate. Easy- 
to-use methodologies enabling high yields of a product suitable for commercial uses, 
and especially of biomedical uses are of the utmost interest. The current art to 
isolate chitosan from aqueous acidic solutions, by raising the pH thereof by the 
addition of alkali or the formation of insoluble salts of chitosan do not fulfill these 
requirements. 

[0017] Therefore, there remains a need to provide a simple, reliable, 

reproducible method for retrieving chitosan from chemical or enzymatic hydrolysates. 
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[0018] There is also 3 need f0f 3 meth ° d f0f fetrievinQ chitosan from 

acidic solutions which would give a product free of contaminants (e.g. chitosanase, 

undesirable salts). 

[00191 More particularly, there is a need for a method for retrieving high 

yield of chitosan suitable for commercial uses, and especially for applications related 
to the food and biomedical industries. 

mo20] ln addition, there is a need for a method for retrieving chitosan 

from acidic solutions which would yield chitosan which is easily dissolved in an 
aqueous acidic milieu that is compatible with human use. 

[0021] Tne P resent invention seeks at satisfying these and other needs. 

SUMMARY OF THE INVENTION 

[0022] The present invention therefore broadly provides a chiiosan 

preparation and method of preparation thereof which overcome the defects of the 
preparations and methods of the prior art. 

[0023] ,n one embodiment, the present invention concerns a method for 

retrieving chitosan from aqueous acidic solutions. More specifically, the present 
invention relates to a method for retrieving chitosan from aqueous acidic solutions by 
the addition of chaotropic salts, and preferably food compatible and biomedicaliy 
compatible inorganic or organic salts. 

[0024] 11 is one ob i ect of the present i,wention to pr0xrtde 3 method for 

retrieving chitosan from acidic solution by means of the addition of a chaotropic 
agent such as the salt of an inorganic acid or. in one particular embodiment, the salt 
of an organic acid suitable for human ingestion. The addition of such salt creates a 
salting out effect by reorganizing water molecules with the added salt, resulting in the 
dehydration of the dissolved chitosan molecules and their precipitation. In one 
embodiment, the salting out reaction is performed under non-denaturatmg 
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conditions. In one particular embodiment, the non-denaturing, conditions comprise 
non-limiting pH values which are between about 3 and about 7 and, in another 
embodiment the non-limiting temperature values are between about 4°C and about 
55»C. The terminology •'about" used herein is meant to designate a variation of about 
10%. in yet another embodiment the pH values are between 3 and 7 and the 
temperature between 4«C and 55°C 

[0025] Tne P fesent ' nven!ion furtnef fe,ates t0 a melhod for r61rievin9 

chitosan from acidic solutions, such retrieved chitosan having conserved the physical 
properties of native chitosan such as ionic charges and molecular sizes. The 
foregoing invention also relates to a preparation of such chitosan. 

[0026] ln addition, the present invention relates to a method for 

precipitating chitosan from acidic solutions enabling the production of a precipitated 
chitosan preparation having a non-viscous, fiber-like appearance. Therefore, such a 
chitosan preparation can easily be recovered from acidic solutions using simple 
conventional techniques such as ultrafiltration, centrifugation. or other known and 
usual methods of recovery of a solid phase from a liquid phase. 

[0027] Furtner « tne ' nvemion relates t0 a metnod of retfieving cnitosan 

from acidic solutions which is suitable for purification from enzymatic hydrolysates. 
The method of the present invention enables the selective precipitation of chitosan 
over chitosanase. This selective precipitation prevents further hydrolysis of chitosan 
thus reducing its polydispersity and yielding, in one embodiment, a chitosan 
preparation which is substantially free of chitosananse 

[0028] T " e P resent '" vention Inus also relates to a chitosan P re P aration ' 

which contains negligible amounts of chitosanase. The present invention provides a 
method to recover chitosan from acidic solutions, such recovered chitosan 
preparation can be easily freed of the precipitating salt as well as other soluble 
substances. The chitosan preparations of the present invention achieve recovery 
levels of at least 90%. preferably at least 95% and most preferably at least 98%. 
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[0029] ,n addition, the invention relates to a method for purifying chitosan 

from acidic solutions and to a preparation of chitosan obtained therefrom. Such 
purified chitosan preparation is suitable for human or animal consumption and 
therefore satisfies the criteria r quired in biomedical applications or as a food 
additive. 

[0030] In another embodiment, the invention relates to a method for 

purifying chitosan of various molecular sizes. The chitosan precipitate obtained by 
the methods of the present invention can easily be dried, and the ensuing powder is 
readily soluble in dilute organic and preferably inorganic acids such as hydrochloric 
acid solutions similar to the acid content of the stomach. This property is highly 
suitable in cases wherein the chitosan preparation is used as a food additive. The 
present invention therefore also relates to chitosan preparations of a chosen 
molecular size or sizes, which are readily soluble in dilute hydrochloric acid 
solutions. In a particular embodiment this dilute hydrochloric acid solution is the acid 
content of the stomach. 

[0031] ln summary, based on the disclosure herein, those skilled in the an 

can purify chitosan from aqueous acidic solutions by adding chaotropic salts. 
Chitosan purified by means of the present invention lack any modifications of the 
physical properties of the chitosan polymer such as residual ionic charges and 
molecular sizes (i.e. they retain the physiological properties of native chitosan). The 
methodology described here is simple, cost-cutting, easy to use and far-reaching. It 
allows a quick, efficient and quantitative recovery of chitosan from acidic aqueous 
solutions with a minimum of easy-to-perform operations while preserving the integrity 
of the product. The methodology can be applied without limitations with respect to 
the amount of dissolved chitosan that needs to be processed allowing the method of 
the present invention to be developped for small scale, large scale or ultra high scale 
preparation for commercial production. Furthermore, chitosan preparations purified 
by means of the present invention are suitable for human or animal consumption 
when a food compatible chaotropic salt is used to precipitate chitosan. This is of 
considerable importance in cases of application related to administration of chitosan 
to humans and animals such as applications related to the biomedical and food 
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industries. 

[0032J Other advantages and features of the present invention will 

become more apparent upon reading of the following non-restrictive description of 
illustrative embodiments thereof, given by way of example only. 

[0033] Unless defined otherwise, the scientific and technical terms and 

nomenclature used nerein have the same meaning as commonly understood by a 
person of ordinary skill to which this invention pertains. 

[0034] The present description refers to a number of documents, the 

content of which is herein incorporated by reference in their entirety. 

[0035] Tne present invention is further illustrated by the following specific 

examples. The examples are provided for illustration only and should not be 
construed as limiting the scope of the invention in any way. 

DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS 

[0036] An easy-to-use and reproducible protocol is described herein to 

allow high yields and quick recovery of chitosan dissolved in aqueous acidic 
solutions. The protocol is based on the principle of reorganization of the hydrated 
shell of the chitosan polymer by addition of chaotropic salts. Non-limiting examples 
of chaotropic salts include the sodium or potassium salts of citric acid, tartaric acid or 
phosphoric acid The ammonium salt of sulfuric acid can also be used effectively. 

[0037] Tne Pr Qt0C61 d,ffers from P revious, y used methods of recovery of 

chitosan from acidic solutions which use high pH or processes of coagulation. The 
method of the present invention can offer a number of advantages such as : a) 
safety of operation due to the use of non-corrosive reagents; b) high yields of 
recovery of chitosan; and c) a lack of modification of the physical properties of the 
chitosan polymer such as residual ionic charges and molecular sizes. The protocol is 
applicable to a wide range of molecular sizes of chitosan. in addition, in one 
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embodiment, the chitosan preparations of the present invention have the advantage 
of having increased stability in view of the fact that they are substantially free of 
chrtosanase. 

* 

[0001] Chitosan is a potycationic polymer that is usually prepared 

commercially by limited basic hydrolysis of naturally occurring chitin, such as the 
exosKeieton of crustaceans and insects. Chitin is a polymer composed of Af-acetyl-p- 
0-glucosamine (2-acetamido-2-deoxy-p-/>glucopyranose) monorneric units, 
whereas commercially available chitosan is usually composed of a heterogenous 
mixture of molecular sizes of chitin deacetylated to various extents. The basic 
schematic structures of chitin and chitosan are shown below. 





Chitosan 



Basic structures of ehton and chitosan 

[0039] The present invention therefore broadly provides a chitosan and 

method of preparation thereof which overcome the defects of the preparations and 
methods of the prior art. 



[0040] to one embodiment, the present invention concerns a method for 

retrieving chitosan from aqueous acidic solutions. More specifically, the object of the 
present invention is to provide a method for retrieving chitosan from aqueous acidic 
solutions by the addition of chaotropic salts, and preferably food compatible 
inorganic or organic salts. 



.-10- 

t 

{0041] Chitosart has a poiyelectrolyte nature. Its solubility in aqueous 

media should thus follow rules that are similar to the mpiric rules that apply to the 
solubility of proteins in aqueous media. These factors are pH, temperature and ionic 
strength of the dissolving medium- The innovative protocol described herein is based 
on the sensitivity of chitosan to the salting out effect caused by the addition of 
selected electrolytes of the Hofmeister series or food-compatible organic salts. The 
salting out effect decreases the solubility of the solute by increasing the organization 
of water molecules around the ions instead of the solute. This salting out effect 
results in the dehydration of the solute and its precipitation. 



increasing precipitation paWtfflf out) effect 
Anions: P0 4 3 " > S0 4 a " > acetate" > Cr > Bf > NO* > CICV > r > SCN* 
Cations: NfV > W > KT > Na* >Cs* > l_r > Mg 2r > Ca 2 * > Ba 2 ' 



Some examples of the Hofmeister series of anions and cations 



(0042] The method of me present invention comprises the addition of a 

chaotropic salt of the Hofmeister series, preferably, a food compatible salt or a food- 
compatible electrolyte to an aqueous acidic solution of chitosan. Examples are given 
of chitosan dissolved in dilute aqueous acid {e.g. acetic acid) to which is added a 
chaotropic salt such as one of the fallowings, 



> 
> 



> 



> 



Sodium sulfate 

Sodium or potassium phosphate 
Potassium citrate 
Sodium tartrate 



Of course, other dilute aqueous acidic solutions could be used. 

mm The precipitated chitosan may be easily recovered from aqueous 

acid salt solution by any means known in the art including filtration, centrifigation, 
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evaporation, spray drying or a combination thereof. 



[0044] P° r *h e purpose of this invention, a specific chitosan polymer is 

considered precipitated in a particular aqueous acidic solution if the said sp cific 
chitosan does not dissolve to form a clear homogeneous solution when the chitosan 
polymer is stirred or agitated for long period of time (e.g. a week) in the aqueous salt 
solution at a particular temperature. 

(0045} A specific chitosan polymer is considered precipitated when a 

solution containing said chitosan in a particular aqueous acidic salt solution develops 
cloudiness or turbidity which it retains when the temperature of the solution is 
changed. 



10046] It should be understood from the foregoing that the solubility of a 

specific chitosan polymer in a particular aqueous acidic salt solution may be 
temperature dependent so that chitosan may be precipitated in an aqueous solution 
at lower temperature but is soluble at higher temperature or vice-versa. Tnerefore 
one can take advantage of this particularity to retrieve chitosan from particular 
aqueous acidic salt solution. 



[0047] Chitosan may be considered to be precipitated if ail or if only part 

of the chitosan is precipitated. Chitosan may be considered to be precipitated if at 
least 90%, preferably at least 95%, and more preferably at least 98% is precipitated. 



[0048] The salts used in the present invention may be any chaotropic 

inorganic or organic salts including for example sulphates, phosphates, citrates, 
acetates, tartrates, fluorides and hydrogen phosphates. The counterfcn has a small 
effect and may be ammonium or any alkali or alkaline earth metal such as sodium, 
magnesium, calcium, potassium, lithium etc. Mixture of inorganic or organic salts are 
also useful. 
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gXAMPLg 1 

CHtTOSAN PRECIPITATION WITH Na 2 S0 4 

[ 0049] Twenty grams of chitosan 70 KDa obtained from Fluka (Sigma- 

Aldrich, St Louis, Missouri, USA) is dissolved in 5% acetic acia (500 ml). The 
solution is diluted with 1 liter of water and 75 g of Na 2 S0 4 {final concentration, 0.35 
M) are slowly added. The precipitate is kept at 4°C for 1 h and then centrifuged 
(8000 x g) for 20 min. The supernatant (pH 4.0) does not contain any precipitable 
chitosan as assayed by the addition of ammonium sulfate or polyphosphoric acid or 
by colorimetric assay according to the method published by Muzzarelli (10). The 
precipitate is washed with water (2 liters) and collected by centrifugation. 



EXAMPLE 2 

CHITOSAN PRECIPITATION WITH SODIUM CITRATE 

[0050] Twenty grams of chitosan 70 KDa obtained from Fluka (Sigma- 

Aldrich, St Louis, Missouri, USA) is dissolved in 5% acetic acid (500 ml). The 
solution is diluted with 1 liter of water and 150 g of trisodium citrate (final 
concentration, 0.34 M) are slowly added. The precipitate is kept at 4°C for 1 h and 
then centrifuged (8000 x g) for 20 min. The supernatant does not contain any 
precipitable chitosan as assayed by the addition of ammonium sulfate or 
polyphosphoric acid. The precipitate is washed with water (2 liters) and collected by 
centrifugation. 

[ 0051] Chitosan can also be retrieved from dilute aqueous acetic acid 

solutions by the addition of other salts such as K 2 HP0 4 (0.63 M), Na/K tartrate (1.4 
M) or ammonium sulfate (10 - 20% saturation). 

[0052] While the invention has been described with reference to certain 

illustrative embodiments, those skilled in the art will appreciate that various 
modifications, changes, omissions and substitutions can be made without departing 
from the spirit and nature of the invention. For example, the effective amount of 
chaotropic salts or organic salts required to cause precipitation of a specific chitosan 
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depends on a number of factors including th concentration of chitosan in th 
aqueous acidic solution, the temperature, the inorganic or organic salt used, the 
mol cular weight of the specific chitosan, its degree of acetylation, the pH of the 
solution and the ambient pressure. It is understood, therefore, that the invention is 
not limited to the particular embodiments disclosed, but is intended to cover 
modifications within the spirit and scope of the present invention as defined by the 
appended claims. 
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WHAT IS CLAIMED IS: 

1. A method for precipitating chitosan compnsing: mixing in any order an 
aqueous acidic solution containing a chitosan polymer and at least one chaotropic 
inorganic or organic salt wherein said inorganic or organic salt is present in an 
amount effective to precipitate said chitosan polymer to form an aqueous 
composition which composes at least said precipitated chitosan polymer. 

2. A method as in claim 1 wherein said inorganic or organic salt is food- 
compatible or suitable for biomedical applications. 

3. A preparation of chitosan which overcomes the drawback of rhe prior art. 

4. The preparation of claim 3, wherein said preparation is selected from the 
group consisting of : 

a) a preparation substantially free of chitosanase,- 

b) a preparation substantially free of undesirable salts; 

c) a preparation substantially free of excess acid; and 

d) a preparation which is food compatible and suitable for 
biomedical applications. 



ABSTRACT OF THE DISCLOSURE 

Composition of precipitated chitosan polymer containing mixture of certain 
chaotropic salts as well as methods for making and using same are disclosed. 
Chitosan polymer preparations produced by such methods are substantially free of 
chitosanase, undesirable salts and excess acid and retain their physiological as 
well as biological and physico-chemical properties. The chitosan preparations of 
the present invention are valuable for tne dispensing of biologically active chitosan 

* 

in forms of drugs or food supplement. These preparations easily dissolve »n an 
aqueous acidic milieu Such as the one of the stomach. 



